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At).vlrdcl

“rhc magnicon is it ncw type of high-efficiency

dctlcction-rnodulalcd amplifier developed at the Institum of
Nuc!ear Physics in Novosibirsk, Russia. The prototype

pulsed magnicon achicvcd an output power of 2.4 MW and

tin efficiency of 73% tit 915 MHz. This paper prmm.s the

rcsuhs d’ a rigid-beam model for a 7(X)-MHZ, 2.5-MW 82%-

ctficwnt magnicon. The rigid-beam model itllows for

char:~ctcrization of’ the beam dynamics by uacking only a
slnglc electron. The magnicon design pre.scntcd consists of a

drive cavity; passive cavities; a pi-rnodc, uouplcd-deflection

cavity; iurd an output cavity. [t rcprcscnts an opti mizcd

design. The modci is fully self-consistent, itnd this pitiw

will present the details of the model and calcukrtcd

pcrtw initnc~ of a 2,5-MW magnicon,

1. lNTRODUC rION

The magrricon is a dcsccn(iwrt of the gyrocr-m I I], a

(ic[lc~t loll.rl lo(iu!alc(i” amplifier. Like the gyrocon, the
mugnicon consis~s of an electron gun, a dcfhxtion cavity,

Ix)ssihlc i)wivc intcrrncdiatc cavi[ics, and an output cuvity.

[n Ix)th dcviccs, the dcflcztion citvitics arc TM, ,(, rnodc. ‘rhc

mngnicorr tmprovcs on the gyrocon in two wtiys: it uses a

conllnmg ma~nctic field {o irnprovc gnin imd impruvc [hc

clccm)n dynumics, and it substitutes a cusp field for u

IictlcrtIon ficid in (11CtWiiII~ triinsport to the output citvily,

‘1’hc usc 01 [he magnctl~,cd twain in [hc magnicon mi~kCsthc

hc:lnl’s dctlcction nlorc CiKlllilr wrd even rcduccs the bCillll
loi](jin~ in the citvl[ics, M predicted by Nczhcvcnko 121.

Will) ii h)w cmitunce input tw~m], ond using high vol(agcs I()

m Im mI~c hc:un sprcud, the mognwon uppcars to operate at
Ircqll(’nlics ;1s Iligh us 1I (;1{/., Imt the dcvwc !S ucrtitlnly

casl(~r 10 hllll(l for {)[)cmtion :11Irrqucnuics undrr I (;1 1/.
MiI~!IIICOIIS I)~X’liillll[~ il! tllKh Vol[[l~CS illl(j ilt Illilfly ( ii I/, ilrC

INIII}: (k’w’lolWIl }M)lh in lhc (i S, 131md in RUSSI:I,prim: irlly

,~sII)(s RI: ‘iotmc Ior IIIC NcY. I I incur (’olli(lcr. 1h)wcvcr, thc

rX}K’11111(’ll(ill CVI(I[’IIL”(’ 10 (I:llc 14] Iildiu:ltcs Ihil[ 111(’rlcctr(m
(l VII; II II I(’S Ill 11)( 11):1}!lll (’011 ;11(’ (x)n)pli(’; ilc(~, 1111(1 il llilS IM’CN

(I II II LIIII 10 vrr!ly III(’ ])lc(li(li(nls 1)1 mxgIII(on c(mlpl;l(’r

Illolh’1$
IJOI 111(’pils[ Iwo yc;ll K, wc Iulvv hccu (lcvcloi)il)~ il

(’01111 )11[(’1 Ill I)(l(’l I’ll I)i Illr ill; ly, nlLoll ‘1’IIIs tntdcl is Ihlly

Illt(’(’ (\ IIIICIl\IOIIiIl, IcliIII\’I\l I(’, iIII(j ‘i[’If (’\)ll\Isl(’111, ill!ll(lllKll
~tl);(((’{’ILH}[(’ 101(’(’s:11(’Ilv}[l(’(’1(’(1, ‘1’11(’~{xll of Ilw Ill(xl(’i Is

Magnicon
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l:igurc 1. Mu~nic(m architecture.

to Sho W Ihilt high -c ffictcrwy lllilglliC01I% opCr:llllig ilt

fCqII(sncIcs hclow I (illr. ;m. bc(tcr LI1:II1 L’OIUIWIIII}: RI;

imq)lil”i(.rs Ior high-power, (;W :Iccclrratf)r :Ippl II’;IIIons. A

SCC(llldgod t)l’ IIN. model is 11)confirm Ihill il Illll)!l ltlL’gilWilll
Inugnicon IIlily opCrilt(! Nt il rcas(muhlc Vollil/ (tM’h)W 18(}

kV) :IIM1 s(Iil tn;llntil~n its oprrntln~ :NIV:IIII:IKCS OVCI
cx)mpclln& gcncrxu)rs Ilw compulrr tn(rdcl is Inull) snlulkI

lh;m IIIC Iully Illrt”c-tlirl)rllsit)ll;ll COIICS Ih:lt :ll(I)unl 11)1
S1):1(’(’ (h:lrgc. !;UCII ilS ISIS 101, hilt 111(’111[(’llt IS [() IIN III(IC illl

[tl~ (. SSCIIIIUI physl(’s :111(1 (Icv(’lop :1 d(’sl~n (’()(1(’ I(JI IIw

Ill;ly,lll(”.m th;ll (’:111 1111) 01) \nliillvl L’on)l)lllcl$. A III)V\hl



mcLhod of’ assuring self’ c(msisLcrr(’y and energy hidance is

al,w) prc.scnkd.

II. ENERGY-F3ALAN~E. APPROACI{ “1’0

SELF-~ ONSISTENT SOLUTIONS

The c’lcrg!j-halarrcc approach m calculating Ihc sclf’-

consistcnl solution” for cavity irmplitudc irnd I?ha.scIOI1OWS
thcscwcps:

1, SclccL an initial value for cavity field amplitude

2. Dctcrm inc (hc phwsc Lhat extracts tic most power from
the beam, This phase is the ,sclf’-crXrsislcrrLcavity pfra.sc.

3. ~alcr.rkrtc the power dissipated in tk ciivity walls for Lhc

currm vaiuc of cWILy field wnplitudc.

4. If’ the power dissipakd in the cavity walls is equal 10 Lhc

power provided by [hc txam, Lhcn [I)c cavity fickl

irlTlpli[udc is Lhc scit”-conslslcnl solulion” for the CiiVILy
irlnp]iludc. WiLh Lhc self-c\)rlsistcnt phase from Step 2,

ltrc self-consistent cavity fichl hilS hccn dctcrmincd.

5. If the con(iiticms of energy birlilncc arc not satisfied,

then the c’iIviLy field amplitude cstlrnutc is updatc(i wrd

lhC pr(~css rqwls, startin[! i]tStCp 2.

A unique :Ispcci of the na[urc 1)1 the lwam/!icld
irltCrilc Liorr in the rnagnlcon is USC(1 [() srrnplify

it~)i)l(tr)icr)tii[ion of” {hc energy tmlancc upprouch to self -

corlsislcnl cavity f’icld dctcrrrlinaLion. Ill the bciln-driven
mugnicon CLIVIIICS,under [11(’ ri~id hCiUll iNi(rrTlptiorl of /,crr)

ra(frwsIn lhC StClldyslXC, CiKh clcmm WCSCXilCtlylhCSilrl)C
RI: lklds, ‘I”hrs roults t’rorrl the f’ii~t thiit h)th [flc cn[rarwc

v~x’lor ()( IIIC t~ilrn ilrld LflCCilVily fickls iilL! ro(atir)g :11 thL’ Rl;

Ir(’qucri(y I’IIus, cuch sbhscqucnl partick tlla[ cntcr,s the

cavity has an cntmncc vc~’tt)r Ih;tt h;ls shiftc(f. I!ut Ihc RIJ

f 1(’1(1$ I)tlvc shi[tc’(f by IIlc sanlc amount. “I”hcrctorr. Ihc

[’ncr~y given up hy cac.h clcc(r(m in the hcarn (furlng IIW

Ir:lnsl[ of Ihc cavlly IS lonsl;ltll. ik’cause ciK.h clcclron sccs

Cx$l’l!y lhc s;!!)}:’ !?!” fic!(!s w!!i!c in Lhc (“avlly, a sirl~{!c

cl(’cl~)r) lra~c~’lory (an bc u.w(l 10 (’alcul;ltc Ihc SCII ,(x)nslslcnt

t N-I(Is rilthcr than M cntiru cl(~lroll hc:lm, whose h)ngitll(iln;ll

1(’rl~!ll: CXLCL’(lS (1w cavity lcn~lll. In :NI(IIII(N), Iw(tlusc (IIc

cll(’rgy cxtractr(l fl-r)m c:wh clcclr(m :1s II I)as,ws thfo(i~h Ilw

(:lvlly Is :1 L{m\t:lnl In lime an(l Is [)1{)1Mllllorlill 10 (IW (’rwr+!y

}Ilv(’11 III) I)V 111(’1)( ’:1111Ill IIIC (’;lvlly ;11 illl~ nlon)crtl 111[it]l(’,

11)(.Illrlc av(’r;lgc(l v:IIIw 01 l~)wcr i)rovi(l(’(1 hy IIN IK:lIII IS

:IIw) ;I ((m\t:mt :IINI I)r{)lk)lll(ul:ll 10 IIK’ cncr~y l)ro\INlc(l by N

\lll~l C (Sl(’t’lloll ;1S II ( r~)sw\ 11!(’ t’ilVllv, ‘1’IIIIY, Sllllply

(.(l(i:lllrlg IIN. cn(’r}!y I()\t I)y :1 I,III}:IC (*Ic(’111)11;Is II ( Ioss(’s the

(:iv Ity II) Ihc Illrl(’ ii)(’f;i}!((l I)(]w(’I (liw Il):Itc(l Ill thr w:ill~;
lMOVI(lL.\ tll(. l);I\I\ Ior III(. w$II coII\I\lt’lN \\dIIt I(u).

‘1’11(’ 111111;11(’\llll\;ll(’ :11 (“:l\’rly 11(’1(1m~)lllll(l(’ \llolll(l 1)(’

;I< ( low” :l\ lr(K\lldr () 111(’ \(’11 \’()[l\l\t[”lll oll)~)llllill(’ Ill 01(!,’1

10 rniniml~.c the tlmc required for the algorithm u) c{mvcrgc

on Ihc Self-consistcrrt snlut-rrm.
The phase that cxtracLs the most crrcrgy f’rorn the hiim

is dcLcrmincd ;“rom i] COmpOnCnt of the Con\CrVaL]on” of

energy equation. From [7], the rc;d power suppiIcd hy the

ham is given hy

P5=-jjj&*/dV,
Vdwn

(1)

where E is the instarrtancous clcclric field and J is the

insumtancol~s current density. For the rigid-ham model,.1 is

rcprcscntcd, accrxding m [8], by

(?)

~uhstihrting ~q. (2) irrm ~q. ( \ ) results in

P, =- -:j Hx,y,z, t)loJ(x- X,)a(y - yo)dxd,ydz (3)

This Cquauon is cvaluaLcd numcricitlly as particles tire

~dviirl~(’d Lhrough d’rc hcarn-(kivcm cavity. As irn example,
for illl~ given ciLviLy-fich! amp]iludc and phase, Lhc cklron

is advarrccd through OK? ctivity hy a rx)nsLiult time sk’p, ‘Itic

instantaneous clcclric field value it[ Lhcccntcr of ii [imc s:cp
is rnu!Liplicd by Lhc change in z, Az. itnd Lhc hcarn t’urrcnt.

‘1’hc variauon in Az for the constant time step wci~h(s (k

Ilurllcrica] irl[cgrat. [:or Cxitrnplc, us k)ngihdrna] vl’l(wlty IS

tran:; ftrrcd into the Lrarrsvcrsc dircciion, Az (fi’cr(’aws,

Icswning the conr.rit)u[i(m to the numcricirl ink’~!r;ll, “lhis IS

Cqulvidcrll 10 a nunll!r’icid Inlcgrilh(m wiLh a Con$li\rl[ s(cp in

,Iz, will} the hewn currcnl wci@wd by tk rat]() of plcwtn[

Iorlgi[udinill vcl(~ity 10 ini[iill lollgilUdillill VCloc’lly, ‘i’hc

numcrlcal integration L’iln hc rcprcscnlcd hy

whcrr k rcprcwnls lhc cavi(y Ir;mslt t:n)c (I Iv I(I(’(1 I)Y [1)(.

(’orlslilnt tlnlc Wp.
‘[1)(’ ‘iUppllC(l pr)wcr Lill(’lllillC(l ill iiq. (4) If iolul);lr,vl to

Ihc [M)wcr disslpaLc(i ihl Ihc cavity W:II!S given by I(J I ;Is

1!1, l<l(; 11) I)I{AM Mol)l; l, l<l; S[1[,’1’S



cxccss of WT. (Ot course, Lhc cl ficiency wIti a t’inl Lc bcarn

sI/c would bc lower and w Ill tx [he focus {)1 luturc work. )
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parll(llc Lrajcclorics ill(~n~ llIC itxis (11”the magnum, and
Figures 5 and 6 show lhc variti[ion m gamma and VZ us iJ
function of Iongl[udimd position.
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